Purpose To identify the most frequent radiological findings of pulmonary tuberculosis using CT of the chest, to determine those with the highest degree of correlation, and, if possible, to identify the most suggestive radiological findings for acidfast bacilli (AFB) positive disease.
Introduction
Tuberculosis (TB) continues to be a public health concern in many European countries, despite the remarkable progress made in the last decade with respect to diagnosis and treatment availability. In many non-European countries, the prevalence of TB is still high, even in the multi-drug-resistant form. European countries, such as Italy, have a high number of cases, especially among groups of vulnerable populations, such as immigrants and people co-infected with HIV [1, 2] . The presence of immigrants from high-endemic areas is considered by many authors as one of the main reasons for the recent spurt in the number of TB patients in Italy. In 2016, TB case notifications stood at 4032 and the TB incidence rate was estimated around six cases per 100,000 inhabitants. Both sets of data have been growing compared to the previous year [3] [4] [5] . To avoid misunderstanding the description of the epidemiological picture, it needs to be specified that a foreign-born population does not contribute significantly to the transmission of infection to the native population [6] .
Tuberculosis is often diagnosed late, many times after the onset of the symptoms, and can involve any organ, with variable manifestations. The potentially contagious patient may be unaware of their condition or underestimate it, allowing TB mycobacteria to spread. Early diagnosis and effective therapy are the most important tools to stop the transmission of TB. Although laboratory tests are essential, a radiological analysis can aid clinicians in the diagnosis, allowing the early start of infection control measures (airborne precautions), that can be discontinued only when (1) another diagnosis explains the clinical signs and/or TB disease is considered unlikely; (2) patient has three negative AFB sputum smear results [7] .
While symptoms and physical findings can be nonspecific, specific signs of TB can be identified using radiological techniques. Generally, a chest X-ray is the first study performed on patients suspected of suffering from TB. A computed tomography (CT) of the chest increases the specificity of the diagnosis, better showing distinct findings such as ground glass opacity (GGO) and tree-in-bud (TIB), and may be helpful, particularly when the X-ray does not show 'typical' findings associated with TB (cavities, consolidations, calcifications, etc.) [8, 9] .
Against this backdrop, after observing a series of pulmonary TB patients until their healing, we propose this retrospective study to identify the most frequent radiological findings, to determine those with the highest degree of association, and to identify the most suggestive radiological findings for acid-fast bacilli (AFB) positive disease.
Materials and methods

Patients and study design
We retrospectively reviewed the medical records of patients admitted to the Infectious and Tropical Diseases Unit at Azienda Ospedaliero-Universitaria (AOU) Careggi (Florence, Italy) between 2014 and 2016. On 28 May 2018, the study obtained the approval of the Local Ethics Committee (protocol #12819).
All patients had provided their written informed consent for submission of their chest CT and, if necessary, of an iodinated contrast agent, according to the principles of the Declaration of Helsinki. Patient privacy was maintained (the reviewers knew only the code of the anonymized DICOM files), and patient care was not impacted.
The inclusion criteria were as follows: age > 18 years; microbiologically confirmed TB (culture positive for Mycobacterium tuberculosis and/or gene amplification test by polymerase chain reaction scored positive for M. tuberculosis DNA) [4] ; diagnosis of pulmonary TB or disseminated TB with pulmonary involvement; chest CT performed at one of the AOU Careggi radiological services; and complete medical record. The exclusion criteria were the following: infection from mycobacteria other than M. tuberculosis; hospitalization at other hospitals; diagnosis of disease with primary or secondary pulmonary involvement due to other comorbidities (cystic fibrosis, primary ciliary dyskinesia, autoimmune diseases); diagnosis of respiratory TB in the absence of pulmonary involvement; chest CT performed at a radiological service other than AOU Careggi.
From January 2014 to December 2016, 191 patients were admitted with a generic diagnosis of mycobacterial infection to the Infectious and Tropical Diseases Unit of AOU Careggi, and 127 of these patients were infected with M. tuberculosis. Only 109 showed pulmonary involvement, 102 of them didn't show comorbidities (5 had previously received a diagnosis of 'autoimmune disease' and 2 had previously received a diagnosis of 'cystic fibrosis'), 54 of whom executed a chest CT during diagnosis at one of the AOU Careggi radiological services. Five patients were excluded from the study because of incomplete clinical data (2), CT imaging of low quality (2) , and absence of DICOM files of CT scans (1) . Medical records provided the following data: (1) demographic data (age, sex, nationality, time of permanence in Italy); (2) signs and symptoms before hospitalization (asthenia, chest pain, cough, dyspnea, fever, haemoptysis, hyporexia, night sweating, weight loss); (3) laboratory data (leucocyte count, neutrophils percentage, C-reactive protein); (4) microbiological data (AFB stain, culture methods, gene amplification test performed on sputum and, if present, on bronchoalveolar lavage).
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All CT scans in DICOM were evaluated 'in consensus' by two expert radiologists, VS and LM (5 and 7 years of experience, respectively). A third evaluation was performed by SC (30 years of experience), when the opinions differed.
The observers checked for the presence or the absence of 10 parenchymal CT findings, as reported in the third paragraph: (1) bronchiectasis and bronchioloectasis; (2) bulla; (3) calcification(s); (4) cavity; (5) consolidation; (6) GGO; (7) micronodule(s); (8) nodule(s); (9) serous reaction; and (10) TIB. They also looked for the presence or the absence of four mediastinal lymph node findings, as reported later: (1) calcification(s); (2) cavity; (3) colliquation; and (4) lymphadenopathy.
Hence, we defined the association between various findings as a 'pattern' and calculated the degree of correlation among parenchymal findings.
We then studied the prevalence of each finding in the entire sample and in the AFB stain-positive subgroup, looking for findings that strongly correlated with positivity, to identify patterns that could predict AFB positivity, and vice versa.
It should be underlined that in the last years, the radiological difference between primary and post-primary TB has been questioned. Many evidences show that the radiographic appearance of pulmonary TB does not depend on the time since infection, and other factors, like the immunocompetence of the host, can condition it [10] . So, we avoided to differentiate patients in the two categories 'primary' and 'post-primary' TB.
Imaging studies
Helical multiphasic CT was performed on 49 patients using Somatom Plus Volume Zoom 4 (Siemens Medical Solutions) unit with 3-7-mm contiguous sections. The routine CT protocol comprised volumetric end-inspiratory and end-expiratory low-dose scans in a 16-or 64-row scanner (SOMATOM Sensation, Siemens, Erlangen, Germany), using the following parameters: 120 kV for patients ≥ 35 kg, 100 kV for patients < 35 kg, mAs 15-40, 0,6 mm collimation, slice thickness 2 mm, reconstruction increment 0.8 mm, pitch 1, kernel B30. CT scans were evaluated for the presence of the following 10 signs, as defined by the Fleischner Society [11] :
Bronchiectasis This refers to irreversible localized or diffuse bronchial dilatation. Morphological criteria on thinsection CT scans include bronchial dilatation with regard to the accompanying pulmonary artery, lack of tapering of bronchi, and the identification of bronchi within 1 cm of the pleural surface. Bronchioloectasis It is the dilatation of bronchioles. When dilated bronchioles are filled with exudate and are thick-walled, they are visible as a TIB or as centrilobular nodules. Bulla An airspace measuring more than 1 cm in diameter sharply demarcated by a thin wall no greater than 1 mm in thickness. It appears as a rounded focal lucency or an area of decreased attenuation, 1 cm or more in diameter, bounded by a thin wall. Calcification This refers to a zone of lung parenchyma with a very high attenuation value. Cavity It is a gas-filled space, seen as a lucency or lowattenuation area, within pulmonary consolidation, a mass, or a nodule. Consolidation It refers to an exudate or other product of a disease that replaces alveolar air, rendering the lung solid. It appears as a homogeneous increase in pulmonary parenchymal attenuation, which obscures the margins of vessels and airway walls. GGO It appears as hazy increased opacity, with preservation of bronchial and vascular margins. Lymphadenopathy It is a lymph node with a short axis greater than 1 cm. Micronodule It refers to a discrete, small, round, focal opacity, with a diameter less than 3 mm. Nodule It is a rounded or irregular opacity, well or poorly defined, measuring up to 3 cm in diameter. Serous reaction The term 'serous reaction' refers to all the findings that prove an involvement of serous membranes: pachypleuritis, pericardial effusion, pleural effusion, pleural empyema, and pleural thickening. TIB It refers to multiple areas of centri-lobular nodules with a linear branching pattern that resembles a budding tree. It reflects a spectrum of endo-and peribronchiolar disorders, including mucoid impaction, inflammation, and/or fibrosis.
Statistics
In our study, data were presented in percentage terms. The association between suggestive findings for a transmissible disease (scored positive or negative at AFB stain) and each CT scan finding (yes or no) was assessed using Fisher's exact test. To assess the correlation between findings derived from CT scans, the 'Spearman correlation analysis' was performed. For each test, an alfa level equal to 0.05 was considered significant. The variables with significant association with AFB positivity were entered into a multivariate logistic regression model, considering, as dependent variable, the AFB positivity (1 for positive results, 0 for negative results). The multivariate logistic regression model was performed using the backward stepwise procedures (i.e. progressively moving from the model the independent variables without statistically significant association). The results were expressed as odds ratio of being AFB positive (with the 95% CI). All the analyses were conducted using IBM SPSS 25.0.
Results
We enrolled 49 patients, as shown in Fig. 1 . Among the 49 patients, 33 (67.3%) were men. The age ranged from 18 to 87 years (mean = 39.4 years). Only 10 (20.4%) were Italian. Among the 39 foreign patients (7, 8, 10 
Frequency of radiological findings
The frequency of the 10 parenchymal findings considered is shown in Fig. 2 . The most common was bronchi(olo)ectasis, which was observed in 44 patients (89.8%). It was followed by nodule(s) in 40 cases (81.6%); TIB and consolidation were each observed in 39 patients (79.6%). The frequency of the four nodal findings is shown in Fig. 2 . The most common was lymphadenopathy; it was observed in 13 patients (26.5%). Calcification(s) was present in nine cases (18.4%) and colliquation in four cases (8.2%). Nobody presented cavitated lymph nodes.
Degree of correlation of radiological findings
TIB and cavity showed the highest correlation (r = 0.577; p < 0.05). Other couples of findings with high (r ≥ 0.400) correlation were as follows:
• TIB and bronchi(olo)ectasis (r = 0.498; p < 0.05) • TIB and consolidation (r = 0.497; p < 0.05) High correlation involved only the seven most frequent parenchymal findings (see Fig. 2 ); no nodal finding showed high correlation. Every patient showed at least two parenchymal findings, and almost 70% showed at least six parenchymal findings (a table is available on request). No patient showed all the 10 parenchymal findings.
Radiological findings in AFB-positive patients
We found that only three findings (consolidation, TIB, cavity, p < 0.05) have a positive predictive value for AFB stain, as shown in Table 1 . Consolidation, TIB, and cavity can be seen as a pattern, the only one with a positive predictive value of 100% if all three were detected together (25, 60 and 77.8% if zero, one or two of them were present, respectively).
Consolidation, TIB, cavity and serous reaction were included in the first multivariate logistic regression model as independent variables. In the final model, performed using the backward stepwise procedures, only cavity showed a significant association with the AFB positivity, with odds ratio value equal to 44.4 (95% CI 4.39-449.0; p = 0.001).
Discussion
As far as we know, our series is the only recent one that examined the radiological features of pulmonary TB in a low-incidence area. We found many different radiological signs of pulmonary TB, which confirmed the wide spectrum of the disease. These radiological findings are always present at least 'in pairs', and we could not find a 'specific pattern' really prevalent over the others. However, there are some findings which are more frequent, such as bronchi(olo) ectasis, nodule(s), TIB, and consolidation (Fig. 3) , found in 44, 40, 39, and 39 patients, respectively. We also found some correlation between findings; the highest degree was found between TIB-cavity (Fig. 4) , TIB-bronchi(olo)ectasis (Fig. 5) , and TIB-consolidation (r ≈ 0.500; p < 0.05). Finally, our data indicated that three findings (consolidation, TIB, cavity) can be seen as a pattern with a positive predictive value of 100% when three findings were detected together (Fig. 6 ). This, in our series, was the only pattern with a not equivocal meaning and a value proportional to the number of the findings. Other associations showed a contradictory positive predictive value, as that one among the four findings bronchi(olo)ectasis, nodule, micronodule and GGO, which demonstrated a positive predictive value of 95.7% if all four findings were present, but also conflicting values of 75% versus 71.4% if one or two of them were present, respectively. At the multivariate analysis, parenchymal cavity remained the most important imaging predictor of AFB stain positivity (odds ratio value equal to 44.4; p = 0.001).
In contrast, we observed that the presence of serous reactions showed a negative predictive value (p < 0.05; i.e. serous reactions might indicate AFB stain negativity). However, we believe this is a statistical result with no clinical meaning, since 65% of the subjects that do not have a serous reaction are AFB positive as well. Similarly, the presence of calcification(s) may suggest a previous TB contact, but this data is absolutely not predictive of a non-active disease. In fact, 90% of patients with a calcification resulted positive for AFB, but also 82% of patients without calcification(s) were positive for AFB. This confirms that microbiological examination continues to be crucial for TB diagnosis.
In our series, bronchi(olo)ectasis was the most represented finding, which is clearly not of the case with pulmonary TB. However, after having excluded the presence of other primary causes of bronchiectasis (cystic fibrosis, primary ciliary dyskinesia, and autoimmune diseases), the correlation we found between bronchi(olo)ectasis and cavity (r = 0.465; p < 0.05) could have a new meaning. In fact, these strong correlations and those between TIB-cavity (r = 0.577; p < 0.05), TIB-bronchi(olo)ectasis (r = 0.498; p < 0.05), and TIB-consolidation (r = 0.497; p < 0.05) suggest a unique pathogenetic path that was previously reported in the literature [12] . Accordingly, TIB indicates mainly an endobronchial diffusion of the disease, but is recognized in a large number of conditions as diffuse panbronchiolitis and cystic fibrosis; bronchiectasis is an expression of both bronchial wall malacia and chronic disease [11, 13] . The latter leads to parenchymal inflammation, consolidation, and ultimately, to cavity.
Some of the frequency values detected by us (see the results section) lack a precise confirmation in the literature. Bronchi(olo)ectasis is a common radiological finding that is often considered irrelevant in the literature. Moreover, scientific publications often do not describe this bronchial lesion as 'bronchiectasis' but as 'bronchial wall thickening', an indirect sign of bronchiectasis [11] , with high frequency values (72.1% ÷ 78% [14] , 82.1% [15, 16] , 66.2% ÷ 84.6% [17] ). In the literature, the frequency values of bronchiectasis sensu stricto in TB patients range from 64% [18] and 89.3% [19] (high frequency) to 5% ÷ 14.3% [20] , 21% [21] , and 29% [22] (low frequency). Hence, our data cannot be compared with those already presented in the literature. We can notice a similar trend with GGO, which is reported in 61% of our patients. In the literature, however, this frequency ranges from high values (76-95%) [14] [15] [16] 18] to low values (3-12%) [20] [21] [22] [23] [24] . These discrepancies may be due to a different method of data collection and a different definition for radiological characters. For other frequent findings-nodule, consolidation, and TIB-our percentages do not significantly differ from the majority of data present in the literature, which shows, for example, the frequency of consolidation ranging from 54.7 to 96% [15] [16] [17] [18] [19] [21] [22] [23] [24] [25] [26] [27] .
From an epidemiological point of view, our study population is mainly represented by foreign patients (39 of 49), most of whom lived in Italy for more than 5 years. This confirmed that, despite the reduction in Italian native population, the presence of migrants from high-endemic areas is one of the main causes of a stable incidence rate of TB cases (approximately six per 100,000 inhabitants) [4], even if it does not contribute to infect the native population [6] .
The present study is not without limitations. First, it is a retrospective study, and the lack of control-cases makes it impossible to obtain statistical data about sensitivity and specificity.
Second, the sample size is small; however, the selection of cases was rigorous (see Fig. 1 ). Nevertheless, the aim of the present study was to identify the most frequent findings with a view to examining them in a future prospective study.
Third, our report lacks inter-observer correlation index, because we adopted consensus evaluation. However, in our opinion this method was more suitable for this study due to the low number of enrolled patients. The application of an inter-observer correlation index in only 49 patients should have been not so confident between the two readers.
Finally, information about chronic obstructive pulmonary disease and smoking habit is not reported because the data is discontinuously acquired. However, since the average age is 40 years, the induced risk is not so high.
In conclusion, our data confirm (1) extreme heterogeneity of pulmonary TB while also revealing that no finding or pattern is clearly prevalent over others or unique to the disease. (2) There are couples of findings (TIB and cavity; TIB and bronchi(olo)ectasis; TIB and consolidation; nodule(s) and GGO; bronchi(olo)ectasis and cavity) with high correlation, which can help us to make the right diagnosis. (3) Although we identify a triad (TIB, cavity, and consolidation) that strongly predicts AFB positivity, we have not found any predictive sign of AFB negativity. For this reason, all patients with both radiological findings and other elements (anamnestic, epidemiological, and clinical) orienting to TB should be isolated to prevent the spread of the infection. 
